Recent evidence describing a suboptimal clinical outcome in women with hydrosalpinges who undergo in-vitro fertilization (IVF) and embryo transfer suggests a potential deleterious effect of this fluid on in-utero embryo development. Consequently, we evaluated in-vitro mouse embryo development in the presence of hydrosalpingeal fluid (HF) collected from 10 infertile women of reproductive age. Chemical analyses showed both similarities and differences of these fluids to reported values for fluids collected from non-diseased Fallopian tubes. The HF had a significant deleterious effect upon mouse embryo cleavage and development to the expanded and hatched blastocyst stage, although the effect was variable among patients. Dilution of HF to 30% concentration with culture medium failed to negate this effect. This argues against the effect resulting from a relative lack of critical, supportive component(s) in the HF. Additionally, further experiments performed with cultures under an oil overlay significantly reduced the embryotoxicity of the HF. This evidence suggests there may be a lipophilic factor that can impair embryo development. The relatively poor IVF-embryo transfer success in women with proximally patent hydrosalpinges may be explained, at least in part, by reflux of a lipophilic embryotoxic factor(s) into the uterine cavity.
Introduction
Initial case reports have provided evidence that aspiration of hydrosalpinx fluid in women with proximally patent hydrosalpinges is of benefit prior to an in-vitro fertilization (IVF) and embryo transfer treatment cycle (Mansour et al., 1991; Russell et al., 1991) . These observations have been subsequently confirmed in a series of reports (Anderson et al., 1994; Kassabji et al., 1994; Strandell et al., 1994; Vandromme et al., 1995; Bazer et al., 1997) that demonstrated the negative impact of hydrosalpinges on the clinical outcome of IVF-embryo transfer treatment. Shelton et al. (1996) and Katz et al. (1996) later reported both increased implantation and decreased miscarriage rates after either surgical excision, drainage, or proximal ligation of the patients' hydrosalpinges.
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This suggests that retrograde spill of hydrosalpingeal fluid (HF) may adversely affect either endometrial receptivity and/or in-utero embryo development.
Decreased embryonic implantation rates may be a function of poor endometrial receptivity caused by simple fluid distention or chronic endometritis. Histological review of endometrial specimens from women with hydrosalpinges has confirmed that a significant proportion of biopsies exhibit glandularstromal dyssynchrony (Meyer et al., 1997) . The cell adhesion molecule β3 integrin is associated with the window of implantation and appears to play a role in early adhesion of the trophoblast to the endometrium (Lessey et al., 1992) . Immunocytochemical analysis has further revealed the absence of this appropriate temporal integrin formation in the mid-luteal phase glandular endometrium of women with hydrosalpinges (Meyer et al., 1997) .
In this study, we attempted to determine whether HF collected from infertility patients might exhibit a deleterious effect on embryo development using an in-vitro murine embryo culture system. Furthermore, we analysed the HF to ascertain whether altered biochemical composition of these fluids might contribute to the pathological basis of this effect.
Materials and methods

Collection of hydrosalpinx fluids
Hydrosalpinx fluids were collected from 10 patients who were diagnosed to have hydrosalpinges secondary to past pelvic inflammatory disease via ultrasound or hysterosalpingography performed with water-soluble contrast media. At least 60 days had elapsed between the time of hysterosalpingography and HF collection. HF was collected either at the time of laparotomy, laparoscopy or via needle aspiration under ultrasound guidance. In two patients, reaccumulated HF were again aspirated at the time of oocyte retrieval for IVF. Sample volumes ranged from 9 to 42 ml. All collection materials (syringes, centrifuge tubes, sterile filters, etc. were pre-rinsed with sterile embryo culture medium (Ham's F-10; Irvine Scientific, Irvine, CA, USA) to minimize the potential toxicity of plasticizing agents. After aspiration, HF were centrifuged at 1200 g for 15 min to remove blood or cellular debris, decomplemented at 56°C for 30 min, sterile filtered, divided into aliquots and frozen at -196°C until use. Controls consisted of embryo culture medium treated in an identical fashion to the collected HF.
Biochemical analysis of hydrosalpinx fluids
Narrow range pH indicator paper (pHydrion; Fisher Scientific, Santa Clara, CA, USA) and vapour pressure osmometry were used to measure pH and osmolarity of the HF after 24 h equilibration at 37°C, 5% CO 2 and 95% relative humidity. Aliquots of HF were analysed in the hospital core chemistry laboratory for sodium, potassium, chloride, calcium, bicarbonate, phosphate, uric acid, Murine embryo culture A 1-celled fresh mouse embryo culture system was used to evaluated the embryotoxicity of each HF. Sexually mature B6C3f1 female mice were superovulated via i.p. injection of 7.5 IU pregnant mare's serum gonadotrophin (Sigma, St. Louis, MO, USA), followed 48 h later by i.p. injection of 7.5 IU human chorionic gonadotrophin (HCG; Sigma), and mated with CB7 male mice. Cumulus masses were recovered from the oviducts 18-20 h post-HCG and placed into BiggersWhitten-Whittingham (BWW) medium (Irvine Scientific, Santa Ana, CA, USA) that was pre-equilibrated at 37°C in 5% CO 2 in air. Cumulus cells were dispersed with 0.5 mg/ml hyaluronidase (Sigma), and the zygotes obtained were washed three times in BWW medium prior to experimentation. All cultures were performed at 37°C in an atmosphere of 5% CO 2 in air. Embryonic development was evaluated at 96 h by morphological observation under stereo light microscopy at ϫ40. The percentages of embryos degenerating, arrested at 2-4 cell stages, morulae, early blastocyst (blastocele formation) and late blastocyst (expansion and hatching) were recorded by an observer who was blinded to the experimental group undergoing evaluation.
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Effect of hydrosalpingeal fluid on embryo development Prior to experimentation, HF aliquots were thawed at room temperature and equilibrated overnight at 37°C in an atmosphere of 5% CO 2 in air. All fluids were tested in two types of embryo culture systems: (i) open culture and (ii) microdrop under oil. For the open system, 1 ml volumes of each HF or control medium were placed in the centre well of organ culture dishes (Falcon 3032). Oil overlay experiments were conducted in 20 ml microdrops in organ culture dishes that were overlaid with 1 ml of sterile pre-equilibrated mineral oil (Sigma). Thirty percent dilutions of the HF specimens (30% HF) in culture medium were also tested in both open and oil overlay systems.
Statistical analysis
For each experimental condition, embryo toxicity experiments were performed in duplicate or triplicate. Overall data obtained on the developmental stages achieved for each treatment group were combined and analysed by χ 2 analysis of 4ϫ2 contingency tables. Comparisons at specific stages of development were further analysed with Fisher's exact test. Data associating the physiochemical characteristics of the HF to their ability to support embryo growth to blastocyst stage were analysed via linear regression plots. These plots were then subjected to a two-tailed Pearson correlation analysis. For all statistical tests, differences were considered significant at P values ഛ0.05.
Results
Chemical composition of hydrosalpinx fluids
The results of the chemical analyses of the composition of the hydrosalpinx fluids (HF) are presented in Table I . Compared to published values for both normal tubal fluid and normal serum values, the HF tended to be normal with respect to sodium, chloride, and bicarbonate. Additionally, the HF was generally physiologically normal with respect to pH and osmolarity. However, HF was found to be relatively low in potassium, calcium and phosphate. Of particular interest were the low concentrations of glucose and protein. In eight of the 10 fluids, the glucose concentration was ഛ5 mg%, and the total protein Ͻ0.6 g%. Two HF samples had relatively higher glucose concentrations (49 and 88 mg%); the latter HF also had the highest protein concentration (5.5 g%)
Effect of hydrosalpingeal fluid on murine embryo development
Murine embryo development was significantly (P Ͻ 0.001) impaired in the presence of HF (Table II) . This effect was seen in all of the fluids assayed, although there was variation in potency. Two patients (A and B) produced HF that caused degeneration of all zygotes, whereas fluids from the remaining eight patients caused increased degeneration and retardation of development compared with controls. When these data were analysed with respect to the biochemical composition of the individual HF, there was no correlation found between the concentration of any substance analysed and the ability of that fluid to support mouse embryo development to blastocyst, with the exception of glucose (P ϭ 0.02, r ϭ 0.5). Reaccumulated HF were drained from two patients (D and J) 2-4 weeks after original fluid aspiration. These secondary fluids were again significantly detrimental to murine embryo development (P Ͻ 0.001), and were not significantly less potent than the original aspirates (Table III) . The relative potency between the two patients remained the same in that the reaccumulated HF from patient D remained more embryotoxic than the reaccumulated HF from patient J (39 versus 0% blastocyst formation; P Ͻ 0.001).
When the HF were diluted to 30% (v/v) with control culture medium, significant retarded embryo development persisted 2726 (Table IV) . Although HF dilution caused no difference in the rate of degeneration, a higher percentage of zygotes proceeded to late blastocyst stages. However, a significant retardation of blastocyst formation was still seen among zygotes cultured in the diluted fluids.
When murine embryo cultures were performed under an oil overlay system, a different pattern emerged, in that the degree of embryotoxicity exhibited by the HF was profoundly reduced (Table V) . Less than half the rate of degeneration was seen, with almost triple the rate of blastocyst formation.
Discussion
The relationship between hydrosalpinges and infertility is well established. Compared with other types of tubal disease, patients with inflammatory hydrosalpinges have decreased clinical pregnancy rates and ongoing pregnancy rates, and increased miscarriage rates (Andersen et al., 1994; Kassabji et al., 1994; Strandell et al., 1994; Vandromme et al., 1995; Bazer et al., 1997) . Even when IVF and embryo transfer has been used to bypass hydrosalpinges, implantation and overall success rates have remained poor in comparison with no hydrosalpinges or where hydrosalpinges had been excised (Shelton et al., 1996; Katz et al., 1996; Bazer et al., 1997) . Therefore, hydrosalpinges appear to be detrimental to fertility, even when the basic functional attributes of the tubes have been bypassed with IVF-embryo transfer. The cause may be due to a cytotoxic effect of the HF on the endometrium or the embryo. Mansour et al. (1991) first suggested that an endometrial cavity distended by HF might render the uterus hostile to transferred embryos. Subsequently, Russell et al. (1991) described successful transvaginal sonographic drainage of large hydrosalpinges that were presumably responsible for persistent cervical discharge during failed IVF-embryo transfer cycles. The patient in that case study conceived in the cycle in which the drainage was performed. Meyer et al. (1997) demonstrated that biochemical markers (integrins) specific to the window of implantation were significantly lower in endometrial biopsies from patients with hydrosalpinges as compared to those without. Certainly if the HF exposure may be deleterious to endometrial maturation, there may also be a direct effect upon the cells of the preimplantation embryo. In a recent brief communication, Mukherjee et al. (1996) demonstrated that HF from four patients exhibited an embryotoxic effect in a murine embryo model system, although there was little characterization of the fluids to determine the causes for this effect.
The present study has shown that fluids present in hydrosalpinges have a significant negative impact on embryo development in a murine model. This model system is routinely used for embryological research and by embryology laboratories for quality control of medium and culture conditions (Beyler and Olivar, 1992) . The murine embryo model culture system has been criticized as being insensitive (Silverman et al., 1987) , which only strengthens the conclusion that there are severe deleterious effects associated with HF. This embryotoxic effect was seen in the fluids from each of the 10 patients studied. We demonstrated variability in the severity of the effect among HF, with some fluids being more potent than others. We also noted that, in two patients, HF that reaccumulated over a few weeks showed effects similar to those obtained from the original aspirations. The relative potencies also remained the same in comparison of HF from one patient to the other. Thus, the embryotoxic potency may not be dependent on the duration of the hydrosalpinx, but rather is more a function of the inherent pathology of the diseased Fallopian tube. Clinically, this may explain why some patients conceive after IVF-embryo transfer despite proximally patent hydrosalpinges.
The reasons why HF are detrimental to embryo development is not simply explained by gross differences in biochemical composition since sodium, potassium, chloride, pH and osmolarity were all found to be at roughly physiological levels. Although some variability was noted, HF tended to be lower in calcium, phosphate, glucose and protein as compared with serum. Compared with earlier published values for normal human Fallopian tube fluid (David et al., 1969; Lippes et al., 1972) , HF was similar with respect to sodium and chloride concentrations, but lower in potassium, calcium, glucose and protein. In those studies, glucose was present at concentrations 2727 that were roughly half that present in serum, with protein concentrations being roughly comparable to those of serum. More recent studies by Gardner et al. (1996) showed that glucose concentrations of normal tubal fluid range widely, from 0.9 to 56.1 mg% with the nadir occurring at midcycle. In the present study, eight of the 10 HF had glucose concentrations ഛ5 mg%. The HF from patients H and J had glucose concentrations of 49 and 88 mg% respectively, and these fluids ranked as the 8th and 10th lowest in embryotoxicity. The fact that glucose was the only HF constituent analysed that was roughly correlated with decreased embryotoxic potency might be explained by the fact that fluids from the two patients that had higher glucose concentrations had biochemical profiles that were somewhat closer to normal tubal fluid. One of the most striking deviations from physiological levels was that of the very low concentrations of protein. Recent studies from oviducts or oviductal cells from mouse, bovine and human sources have demonstrated secretion of embryotrophic protein factors (Minami et al., 1992; Mermillod et al., 1993; Liu et al., 1995) . However, the presence of these protein factors was not obligatory for embryo development. Lack of protein in the HF cannot explain the deleterious effects because control cultures contained no protein. Thus, it appears that fluid from hydrosalpinges seems unlikely to represent either a transudate of serum or an expanded volume of normal tubal fluid.
The detrimental effects of the HF on embryo development seen in this study are likely to be due to one or more factors present in the HF as opposed to biochemical imbalances. This is supported by four arguments: (i) there appeared to be no relationship between any particular biochemical pattern and ability to support embryo growth; (ii) dilution with culture medium resulted in improvement in embryo growth, but this did not approach total amelioration of the toxic effect. Significant degeneration and retarded development persisted in the diluted fluids. Ionic imbalances in all of the fluids would have been largely corrected, and any obligatory constituents would have been provided by the culture medium diluent. However, it remains possible that to some extent HF lacks a factor that is corrected by dilution with the culture medium, or that dilution renders an embryotoxic factor more inactive, since more advanced developmental stages were reached after dilution; (iii) most hydrosalpinx fluids caused significant embryo degeneration, even when diluted, as opposed to developmental arrest, where blastomere integrity would be maintained; (iv) cultures carried out under an oil overlay showed significant improvement in embryo development to blastocyst stage in conjunction with significantly less degeneration. This information, taken together, seems to point towards the presence of one or more lipophilic embryotoxic factors in HF.
Our data support salpingectomy for infertility patients with hydrosalpinges prior to an IVF cycle in order to optimize the uterine environment for embryo growth and implantation. In a recent prospective study, Shelton et al. (1996) reported excellent IVF success rates in patients with previously failed IVF cycles when they underwent subsequent salpingectomy. However, this approach has been debated recently: Puttermans and Brosens (1996) argued that hydrosalpinges are morphologically and pathologically heterogeneous and that salpingectomy should only be considered after endoscopic observation and categorization. They suggested excision of hydrosalpinges with increased wall thickness secondary to chronic inflammation, and microsurgical salpingoneostomy when the tube is thin-walled and free of adhesions. Andersen et al. (1996) countered that salpingectomy improves IVF rates, lowers ectopic pregnancy incidence, and eliminates recurrence of hydrosalpinges. They also contended that only a minority of patients who have hydrosalpinges would benefit from salpingostomy, and the expertise to select those patients may not be generally available. The data from the present study clearly show variability in the embryotoxicity of the HF collected. Although we made no attempt to relate the potency of this effect to the pathological type of hydrosalpinx, one might speculate that an assay such as this could be useful to characterize hydrosalpinges further and to decide whether to perform reconstructive surgery or salpingectomy.
In conclusion, fluids obtained from the hydrosalpinges of 10 patients all showed various degrees of embryotoxicity and were biochemically dissimilar to normal tubal fluid or serum transudates. The relationship between relatively poor IVFembryo transfer outcomes in patients with hydrosalpinges may be explained, at least in part, by a direct cytotoxic effect on the embryo. This effect appears to be partially mediated by one or more lipophilic embryotoxic factors. Future studies will be directed towards isolation and characterization of such factors. The present study also provides additional support for the removal of hydrosalpinges as appropriate clinical management prior to an IVF-embryo transfer treatment cycle.
